Abstract. Transanal endoscopic microsurgery (TEM), i.e., the local excision of rectal carcinomas by way of a bimanual operating system with magnified binocular vision, is gaining acceptance in lieu of more radical total interventions. A major issue with this approach is the lack of information on submucosal anatomical structures. This paper presents an advanced navigation system, wherein the intraoperative 3D structure is stably estimated from multiple stereoscopic views. It is registered to a preoperatively acquired anatomical volume based on subject-specific priors. The endoscope motion is tracked based on the 3D scene and its field-of-view is visualised jointly with the preoperative information. Based on in vivo data, this paper demonstrates how the proposed navigation system provides intraoperative navigation for TEM 1 .
Introduction
Colorectal cancer is a significant health problem in most countries. Traditionally treated via radical excisions, advances in laparoscopy and the miniaturisation of endoscopes are supporting more localised interventions via Transanal Endoscopic Microsurgery (TEM) [1] . In TEM, elongated instruments and a stereo endoscope are inserted through a hermetically sealed port that allows pneumorectum, i.e. rectal insuflation (see Fig. 1 ). With dexterous manoeuvres, skilled surgeons excise and remove the tumour. One of the constraining factors, however, is the limited anatomical information that can be inferred by only the endoscopic view. Intraoperative registration of preoperatively acquired anatomical volumes is considered an elegant solution for information augmentation.
Existing approaches in surgical domains outside of TEM use preoperatively manually registered anatomical volumes acquired from MRI images to augment endoscopic views during partial nephrectomy and adrenalectomy. In addition to existing challenges, TEM presents the complexity that the intervention is carried out within a lumen, and information such as tissue thickness, metastatic lymph nodes, neighbouring organs (e.g. prostate, vagina) can be retrieved only from memory. This lack of information limits registration landmarks and may also lead to perforation or partial tumour excision and unfavourable histologies.
A prerequisite of information augmentation is 3D reconstruction of the operating field-of-view. Despite a number of algorithms being recently proposed for minimally invasive surgery (MIS), e.g. the CPU/GPU algorithm of [5] , and the variational algorithm of [6] , TEM presents important limitations since the rectum is largely textureless. This leads to unstable and noisy estimations.
This paper demonstrates that multi-view stereo fusion, inspired from [7] , takes advantage of even slight endoscope motions to provide stable high fidelity reconstructions. Moreover, contrary to information augmentation in bronchosopy [8] or sinus skull-base surgery [9] , two procedures that also involve intraluminal interventions, in TEM the endoscope does not exhibit a large travel range and does not allow the use of bifurcations as landmarks between the endoscopic view and the preoperative volume. It lends itself, however, to two important patientspecific priors: a) the endoscope is inserted close to the centreline of the rectum, and b) the tumour to be excised is identifiable in the endoscopic view and in the MRI/CT. These two priors can be exploited for registration. In the sections that follow, the entire algorithmic workflow and results based on in vivo acquired data justify the applicability of the proposed navigation framework.
Materials and Methods

Preoperative Imaging and Segmentation
CT or MRI scans of the patient are acquired several days before the procedure to evaluate the extent of tumour and the possibility of local excision via TEM.
